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(57) ABSTRACT

A method includes a keyboard, video and mouse (KVM)
switch communicating over a network with service proces-
sors of a plurality of compute nodes, the KVM switch iden-
tifying a compute node from among the plurality of compute
nodes that is experiencing one or more predetermined prob-
lems, and the KVM switch automatically generating a graphi-
cal user interface including the identity of the identified com-
pute node for display on a display device that is connected to
the KVM switch.
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KEYBOARD, VIDEO AND MOUSE SWITCH
IDENTIFYING AND DISPLAYING NODES
EXPERIENCING A PROBLEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/036,187 filed on Sep. 25, 2013, which appli-
cation is incorporated by reference herein.

BACKGROUND

1. Field of the Invention

The present invention relates to methods of operating a
keyboard, video and mouse (KVM) switch.

2. Background of the Related Art

In a datacenter or other facility, there may be many com-
pute nodes in a small amount of space. While a system admin-
istrator may need occasional direct access to each of the
compute nodes, there isn’t enough space for each compute
node to have a dedicated keyboard, video display, or mouse.
Furthermore, such a large scale duplication of these input/
output devices would greatly increase the cost of the system.

As a result, keyboard, video and mouse (KVM) switches
were developed so that a single keyboard, video display
device and mouse could be selectively connected to operate
any of the compute nodes that were connected to the KVM
switch. While the original KVM switches were mechanical,
modern KVM switches are controlled by a processor running
a KVM switch interface program. These “console switches”
may be configured to access over 2000 compute nodes from a
single keyboard, video display, and mouse.

BRIEF SUMMARY

One embodiment of the present invention provides a
method, comprising a keyboard, video and mouse (KVM)
switch communicating over a network with service proces-
sors of a plurality of compute nodes, the KVM switch iden-
tifying a compute node from among the plurality of compute
nodes that is experiencing one or more predetermined prob-
lems, and the KVM switch automatically generating a graphi-
cal user interface including the identity of the identified com-
pute node for display on a display device that is connected to
the KVM switch.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG.1is adiagram of a keyboard, video and mouse (KVM)
switch connecting a plurality of compute nodes to a local
console or a remote console.

FIG. 2 is a flowchart of a method of controlling a KVM
switch.

FIGS. 3-6 are examples of a graphical user interface that
may be output in accordance with various embodiments of the
invention.

DETAILED DESCRIPTION

One embodiment of the present invention provides a
method, comprising a keyboard, video and mouse (KVM)
switch communicating over a network with service proces-
sors of a plurality of compute nodes, the KVM switch iden-
tifying a compute node from among the plurality of compute
nodes that is experiencing one or more predetermined prob-
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lems, and the KVM switch automatically generating a graphi-
cal user interface including the identity of the identified com-
pute node for display on a display device that is connected to
the KVM switch.

The one or more predetermined problems may be any
problem that is detectable. More specifically, the KVM
switch can detect whether a compute node has become
unreachable and the KVM switch can receive system reports
from the service processors of the compute nodes. The system
reports identify errors in the operating system running on a
compute node or other errors or malfunctions observed by the
service processor. In one embodiment, the one or more pre-
determined problems are selected from an inability to com-
municate over the network, an operating system error, and a
service processor error. The method will preferably further
include displaying an indicator of the one or more predeter-
mined problem, such as an error message, along with the
identity of the identified compute node on the graphical user
interface.

Another embodiment of the method includes the KVM
switch automatically switching to connect the display device
to the identified compute node. The display device is typically
part of a local console or remote console that also includes a
keyboard and a mouse. Accordingly, a user can immediate
begin to address the one or more predetermined problems
associated with the identified compute node. Optionally, the
method may require users to log into a user account before
gaining access to use the keyboard, video and mouse switch,
wherein automatic switching of the keyboard, video and
mouse switch to connect the display device to the identified
compute node is only available to a user account that has been
assigned automatic switching privileges.

In further embodiments of the invention, the keyboard,
video and mouse switch uses intelligent platform manage-
ment interface (IPMI) commands to communicate with the
service processors of the plurality of compute nodes. For this
purpose, the KVM switch may include an IPMI module
facilitating communication between a processor in the KVM
switch and the service processor in each of the compute
nodes.

In a still further embodiment, the KVM switch communi-
cates over a network with the service processors of the plu-
rality of compute nodes by polling the service processor of
each of the plurality of compute nodes. Polling allows the
KVM switch to request information, such as whether the
service processor has observed certain errors, or to determine
whether the service processor is unreachable over the net-
work.

In yet another embodiment, any of the compute nodes may
send a signal through a keyboard, video, or mouse input/
output port on the compute node that is connected to the
keyboard, video and mouse switch. One example of such a
signal is a predetermined sequence or combination of key-
board, mouse or video signals. Preferably, the signal is a
predetermined sequence or combination of keyboard, mouse
or video signals that would not be manually physically repro-
ducible by a user. One non-limiting example is three mouse
right-click signals transmitted at a rate that is physically
impossible to manually generate.

Other embodiments of the invention include distinguishing
the manner in which the identified compute node is displayed
on the graphical user interface. Typically, the graphical user
interface will list or otherwise display all or many of the
plurality of the compute nodes. However, the identified com-
pute node or nodes may be distinguished using a visual effect
associated with displaying the name of the compute node on
the graphical user interface. Such a visual effect may, for
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example, be selected from highlighting the background, out-
lining, changing the font, changing the color, blinking, shak-
ing, scrolling and combinations thereof.

The methods of the present invention may further include
filtering a list of the plurality of compute nodes to display only
those compute nodes from among the plurality of compute
nodes that are experiencing one or more of the predetermined
problems. This will assist a user in locating those compute
nodes having a problem, and allow them to manually select
from among those compute nodes and access the selected
compute node from a console. As an alternative to filtering,
the method may reordering a list of the plurality of compute
nodes to display those compute nodes from among the plu-
rality of compute nodes that are experiencing one or more of
the predetermined problems at the top of the list, or any other
designated position on the list.

Another embodiment of the present invention provides a
computer program product including computer readable pro-
gram code embodied on a computer readable storage
medium. The computer program product includes computer
readable program code causing a keyboard, video and mouse
(KVM) switch to communicate over a network with service
processors of a plurality of compute nodes, computer read-
able program code for causing the KVM switch to identify a
compute node from among the plurality of compute nodes
that is experiencing one or more predetermined problems,
and computer readable program code for causing the KVM
switch to automatically generate a graphical user interface
including the identity of the identified compute node for
display on a display device that is connected to the KVM
switch.

The foregoing computer program products may further
include computer readable program code for implementing or
initiating any one or more aspects of the methods described
herein. Accordingly, a separate description of the methods
will not be duplicated in the context of a computer program
product.

FIG.1is adiagram of a keyboard, video and mouse (KVM)
switch 10 connecting a plurality of compute nodes 20 to a
local console 40 or a remote console 42. The KVM switch 10
includes a computer interface 12 for connecting the KVM
switch to the KVM port 22 (such as a DB15 or USB/PS2 port)
on each of the plurality of compute nodes 20, and a network
interface 14 for facilitating communication with the service
processors (integrated management modules (IMMs) 24) of
the plurality of compute nodes 20 over a network 44. Still
further, the KVM switch 10 includes a console interface 16
connecting to the local console 40. Similarly, a remote con-
sole 42 may be used instead of, or in addition to, the local
console 40, where the remote console 42 communicates over
a virtual local area network (VL AN) 46 to the network inter-
face 14. The IMM may be considered to serve as a baseboard
management controller (BMC) with enhanced functionality,
include remote supervisory capabilities.

A processor 18 controls the KVM switch 10 and can selec-
tively control the switch to place the local console 40 in direct
operational communication with the KVM port 22 of any
selected compute node from among the plurality of compute
nodes 20. The processor 18 also instructs an IPMI module 11
to send IPMI commands through the network interface 14 and
over the network 44 to the IMM 24 of a selected compute
node 20. The processor 18 accesses memory 13 that stores
KVM switch and graphical user interface logic 15 and
executes that logic in a manner consistent with embodiments
of the invention described herein. One non-limiting example
of these embodiments is shown in reference to FIG. 2.
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FIG. 2 is a flowchart of a method 50 of controlling a KVM
switch. In step 52, the KVM switch communicates over a
network with service processors of a plurality of compute
nodes. In step 54, the KVM switch identifies a compute node,
from among the plurality of compute nodes, that is experi-
encing one or more predetermined problems. Then, in step
56, the KVM switch automatically generates a graphical user
interface including the identity of the identified compute node
for display on a display device that is connected to the KVM
switch. Optionally, any other aspect of the methods described
above may also be included in the method.

FIGS. 3-6 are examples of a graphical user interface 60 that
may be output to a video display (see local console 40 in F1G.
1) in accordance with various embodiments of the invention.
In each of FIGS. 3-6, the graphical user interface 60 includes
a list of compute nodes (“Name” of port number) along with
a port type and status information. According to the KVM
switch and GUI logic (element 15 of FIG. 1), the GUI 60 is
prepared using information collected from the compute nodes
20, and selection of a compute node from the list using the
GUI 60 can cause the KVM switch (element 10 of FIG. 1) to
operate the switch to connect the local console to the selected
compute node. In order to show that the KVM switch has
identified a particular compute node from among the plurality
of'compute nodes as experiencing one or more predetermined
problems, the name of the particular compute node is distin-
guished. In FIG. 3, the plurality of compute nodes are listed.
In FIG. 4, the compute node attached to “PORT 04” has been
highlighted as having a problem. In FIG. 5, the compute node
attached to “PORT 04 has an error message “Overtemp”
included in the same line of the list. In FIG. 6, the compute
node attached to “PORT 04” has been filtered out from the list
as having a problem.

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
ormore computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
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embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing. Computer
program code for carrying out operations for aspects of the
present invention may be written in any combination of one or
more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The program code may execute entirely on
the user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote com-
puter or server. In the latter scenario, the remote computer
may be connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an exter-
nal computer (for example, through the Internet using an
Internet Service Provider).

Aspects of the present invention may be described with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, and/or
other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
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diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, com-
ponents and/or groups, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof. The
terms “preferably,” “preferred,” “prefer,” “optionally,”
“may,” and similar terms are used to indicate that an item,
condition or step being referred to is an optional (not
required) feature of the invention.

The corresponding structures, materials, acts, and equiva-
lents of all means or steps plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but it is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the inven-
tion and the practical application, and to enable others of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particular use contemplated.

What is claimed is:

1. A method, comprising:

a keyboard, video and mouse (KVM) switch communicat-
ing over a network with service processors of a plurality
of compute nodes, wherein the keyboard video and
mouse switch polls the service processor of each of the
plurality of compute nodes;

the KVM switch identifying a compute node from among
the plurality of compute nodes that is unreachable over
the network;

the identified compute node sending a signal through a
keyboard, video, or mouse input/output port of the iden-
tified compute node that is connected to the keyboard,
video and mouse switch, wherein the signal identifies
one or more predetermined problems experienced by the
identified compute node; and

the KVM switch automatically generating a graphical user
interface including the identity of the identified compute
node for display on a display device that is connected to
the KVM switch.
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2. The method of claim 1, wherein the one or more prede-
termined problems is selected from an inability to communi-
cate over the network, an operating system error, and a service
Processor error.

3. The method of claim 1, further comprising:

the KVM switch automatically switching to connect the
display device to the identified compute node.

4. The method of claim 3, further comprising:

requiring users to log into a user account before gaining
access to use the keyboard, video and mouse switch,
wherein automatic switching of the keyboard, video and
mouse switch to connect the display device to the iden-
tified compute node is only available to a user account
that has been assigned automatic switching privileges.

5. The method of claim 1, wherein the keyboard, video and
mouse switch uses intelligent platform management interface
(IPMI) commands to communicate with the service proces-
sors of the plurality of compute nodes.

6. The method of claim 1, wherein the signal is a predeter-
mined sequence or combination of keyboard, mouse or video
signals.
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7. The method of claim 1, further comprising:

distinguishing the manner in which the identified compute

node is displayed on the graphical user interface,
wherein the identified compute node is displayed along
with the plurality of the compute nodes.

8. The method of claim 7, wherein distinguishing the man-
ner in which the identified compute node is displayed on the
graphical user interface is a visual effect selected from high-
lighting background, outlining, font change, color change,
blinking, shaking, scrolling and combinations thereof.

9. The method of claim 1, further comprising:

filtering a list of the plurality of compute nodes to display

only those compute nodes from among the plurality of
compute nodes that are experiencing one or more of the
predetermined problems.

10. The method of claim 1, further comprising:

reordering a list of the plurality of compute nodes to dis-

play those compute nodes from among the plurality of
compute nodes that are experiencing one or more of the
predetermined problems at the top of the list.

11. The method of claim 1, further comprising:

displaying the error message along with the identity of the

identified compute node on the graphical user interface.
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